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ON THE ACCOUNTING OF SATELLITE-BORNE RADIATION 

&EASUREMZNTS IN A NONADIABATIC PlIODEZ 

OF ATMOSPHERIC MOTIONS * & *ZTX 

Radia t ion  h e a t i n g  o r  cool ing ,  t o g e t h e r  w i t h  h e a t  i n f l u x  

a t  t h e  expense of t u r b u l e n t  h e a t  conduc t iv i ty  and of hidden conden- 

s a t i o n  h e a t  p l a y  a p a r t  i n  t h e  development of atmospheric  flows 

which cannot be minimized, Computations by D. E. Mar t in  E61 have 
shown t h a t  a f u r t h e r  improvement of  weather f o r e c a s t  methods r e q u i r e  

without  doubt t h e  account ing of nonadiaba t ic  e f f e c t 8  i n  t h e  fo roc=t  

schemes. It is however necessary  t o  d ispose  t o  t h a t  e f f e c t  of d e t a i l -  

e d  in fo rma t ions  concerning t h e  space-time d i s t r i b u t i o n  of  h e a t  s o u r c e s  

and o u t l e t s .  Because of  excess ive  complexity of t h i s  problem, i t  is 

d e s i r a b l e  t o  s t u d y  i n  the  f i r s t  p l ace  t h e  e f f e c t  o f  h e a t  i n f l u x ,  ave- 

raged by t h e  t o t a l  atmosphere t h i c k n e s s ,  on t he  l a r g e - s c a l e  floss. 
Data obta ined  w i t h  t he  a i d  o f  meteorological  s a t e l l i t e s  c5,  71 allow 
t o  f i n d  t h e  va lue  of t h i s  i n f l o w  d i r e c t l y .  

. 

L e t  ut3 choose f o r  a s t a r t i n g  System of problem's equat ions  

t h e  t r a n s p o r t  equat ion  of  v e l o c i t y  edd.y, t ak ing  i n t o  account t h e  

t u r b u l e n t  f r i c t i o n  fo rces  

and the  h e a t  i n f l o w  eouat ion  

& * K Uchetu r e z u l ' t a t o v  radiats ionnykh izmereniy so sputn ikov  v 
ne ad iab  a t i che s koy model at mos f e rnvkh d v i  z heniy . C Pr  e 6 en t e d by A c  adem. 
E. K. Fedorov on 11 Apr i l  1963 1. 
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2. 

Here $2 is t h e  v e r t i c a l  component of t h e  r e l a t i v e  eddy v e l o c i t y :  

b is t h e  C o r i o l i s  parameter,  g - t h e  q r a v i t a t i o n  a c c e l e r a t i o n ;  

K - t h e  t u r b u l e n t  v i s c o s i t y  f a c t o r ;  p -  t h e  d e n s i t y  of t h e  a i r ;  
T - t h e  a b s o l u t e  temperature  ; 3 = (Tu -T)R3Tlg; f and ra - t h e  rea l  

and t h e  dry-adiaba t ic  v e r t i c a l  araCicntE of t e n n s r a t u r e  r e s p e c t i v e l y ;  

c is t h e  a i r ' s  h e a t  c a m c i t y  a t  c o n z t a n t  p re seu re ;  p i:; t h e  p r e s s u r e ;  

po - t h e  s t anda rd  p r e s f u r e  a t  seil l e v e l ;  5 = p / p o .  
P 

The symbol dn/dt denotes i n  both ecua t ionc  t h e  i n d i v i d u a l  

d e r i v a t i v e  i n  t i m e  i n  a horizontal p l a c e ,  o = dUdt is t h e  analog 

o f  v e r t i c a l  v e l o c i t y  i n  t h e  system of coord ina te s  x ,  y, 5, t .  
The first addend of t h e  r ight-hand a a r t  of eoua t ion  ( 2 )  cha- 

r a c t e r i z e E  t h e  inIKLow of heat  t o  t h e  u n i t   mas^ of air a t  t h e  expense 

o f  t u r b u l e n t  and  r a d i a l  hea t  exchanse,  6/c, is t h e  h e a t  i n f l o w  a t  t h e  
exaense o f  t h e  concealed condensat ion hea t .  I f  we denote  by D t h e  

t u r b u l e n t  h e a t  f low,  by B and A - r e s p e c t i v e l y  t he  h e a t  f l u x e s  

d i r e c t e d  upward and downward, by F ( l )  and F (2) - t h e  ascending  and 

descending  f l u x e s  of short-waue r a d i a t i o n ,  we have 

For boundnrp cond i t ions  alonq t h e  v e r t i c a l  we s h a l l  a d n i t  t h a t  

(4) 
o = o  a t  C = O , g = i .  

I n  o r d e r t o  pass i n  t h e  g iven  model from h e a t  i n f l u r e 6  t o  
f l u x e s ,  w e  shall i n t r o d u c e  for c o c e i d e r a t i o n  a system o f  eoua t ions  

averaged by t h e  v e r t i c a l .  Thus,  i n t e g r a t i n g  t h e  equat ion  (1) by 

from 0 t o  1, and r e a l i z i n q  t h e  approximate account ing  of t h e  near- 

t h e  ground f r i c t i o n  according t o  I. &. K i b e l '  [l], we s h a l l  o b t a i n  

i n  t h e  assum.ptiun (4) 

d n ( Q + f )  + K e g  - 0. 
dt 8 -  

Here K ' z -  gpol/K$; - 2 K h  is t h e  va lue  of t h e  t u r b u l e n t  v i scos i t - r  
Po 

f a c t o r  at  t h e  upper bou:idary of t h e  near- the iyround sub- layer ;  Qa 

i s  t h e  geos t roph ic  eauy a t  s e a  l e v e l ,  (7 = ! ( ) d g .  
? 

n 



3 .  

The v e r t i c a l  v e l o c i t y  a i s  determined from t h e  e a u a t i o n  (1): 

S u b s t i t u t i n a  ( 6 )  i n t o  (21, ave raq ing  t h e  ob ta ined  eoua t ion  by 

t h e  wkole t h i c k n e s s  of t h e  atmosThere and adoing then  w i t h  t h e  e c u a t i o n  

( 6 1 ,  r'e s h a l l  o b t a i n  

Sere CP = 1 4- h.5. L iE t h e  co tcea l ed  condensat ion h e a t ,  r is  t h e  

q u a n t i t y  O L  p r e c i p i t h i i o n s .  
0 

can be g~ K : ~ s L  A s  is  s h a m  by c a l c u l a t i o n s ,  t h e  q u a n t i t y  _ _ _ _  
p;L, i d 5  

n e g l e c t e d  by conparison w i t h  K'Q,. 
Although this 5s ; - o t  ~ ~ q ~ i ~ l s o q r  f ~ r  the q i y e ~  _ r c h e ~ e ,  l e t  9 s  

admit n e v e r t h e l e s s  t h e  cond i t ion  of a tnosphe re  thermotropism C87 : 

VT (x. L! C. 0 = F ( 5 )  VT ( x ,  Y, 0, (8) 

w k e r e  v i? t h e  r r n d i e n t  operato.  i n  t h e  p lane .  The f u n c t i o n  F ( g  ) may 

be d e t c r n i n e d  by way of  s t a t i s t i c a l  proces5ing of obser ra t . lon  m z t e r i a l .  

According t o  L .  Berkovskiy c41 we have a p p r o x i m t e l v  F ( 5 )  = 25. U t i l i -  

z i n g  t h e  s t a t i c s  e a u a t i o n  

i t  is e a s y  t o  o b t a i n  with t h e  a i d  of ( 8 )  t h e  c o r r e l a t i o n s  

(10) 
RU) - R -  

li! g 

- 
(H) i+I= H - - T ,  V H  = V H  +- V T ,  

I f  u;e cor is iaer  t h e  motion a6 quas igeos t roph ic ,  m e  shall o b t a i n  



- 
d T  - on t h e  bas i s  of t h e  preceding ,-A = + $(H, T ) ;  df . 

+ ( H *  4 A T )  + (F* 1) )  0 

The symbols v and ( a,  b 
t h e  plane and t h e  j acob ian  ( f u n c t i o n a l  de t e rminan t )  r e s p e c t i v e l y .  

. d e r i n n a t e ,  2 s  u s u a l ,  t h e  Laplace operator on 
4 

Aseembling t h e  r e s u l t s  ob ta ined ,  w e  s h a l l  f i n a l l y  a r r i v e  a t  t h e  

f o l l o x i n g  system of  model ecua t ions  : 

The m e t :  o a ~  for t h o  c o l u t i o n  o f  t h i s  swtem o f  e c u a t i o n s  are 
w e l l  :-,corm ( s e e  ~11). 

L e t  US pass now t o  the c o n s i d e r a t i o n  of t h e  r iqht-hand p a r t  o f  

t h e  equa t ion  (12).  The q u a n t i t y  3, r e p r k s e n t s  t h e  r a d i a t i o n  balance o f  

t h e  system rv t e r r e s t r i a l  s u r f a c e  - atmosphere", which m3.y be cos puted 

d i r e c t l y  by t h e  d a t a  o f  s a t e l l i t e - b o r n e  measurements. The same q u a n t i t y  
i s  computed with t h e  v i e r  of f o r e c a s t i n g  from t h e  w e l l  known f o r n u l a  

Qo = So (1 -r) -Bo, (13) 

where S o i s  s o l a r  r a d i e t i o n  flux e n t e r i n g  t h e  upper boundary of t h e  

atmosphere; r is t h e  albedo of t h e  system 

s p h e r e ;  

t e r r e s t r i a l  s u r f a c e -  atmo- 

Bo is t h e  outgoing thermal r a d i a t i o n  o f  t h e  E a r t h  and atmosphere. 



I n  accordance wi th  (31, we may o o t c i n  f o r  % t he  expres s ion  

Ql = (1 - a ) S  -E* -D1. (14) 

Here 4 is the zlbedo 0:' t h e  uncierlyinz s u r f a c e ;  S is t h e  agmegate 

r a d i a t i o n  flux; E is t h e  e f f e c t i v e  r a d i a t i o n  of t h e  ' a r th ' s  s u r f a c e ;  

9 is t h e  t u r b u l e n t  h e a t  f l u x  n e a r  t h e  ground. 
34 

The f i r s t  two addends i n  t h e  r ight-hand p a r t  o f  (141, j u s t  as 

t h e  a u a n t i t i e s  Bo and r i n  formula (15-), a r e  coii!pltea acco rd ing  t o  

d a t a  of a h o s p h e r e  v e r t i c a l  soundinq,  which, i n  p r i n c i p l e ,  mag be  mate- 

r i a l i z e d  with t h e  a i d  of  meteoro logica l  s a t e l l i t e s .  E n t e r i n g  i n  t h e  

computation o f  t u r b u l e n t  hez t  f l u x  is t h e  tenDera ture  O S  t h e  unde r ly ing  

s n r f a c e ,  f o r  which average monthly t e E p e r a t u r e s  of Ocean'& s u r f a c e ,  

tairen over  numerous y e a r s ,  can be u i i l i z e d  for oceanic  r eg ions .  To 

compute Ql, meeting t h e  condi t ion6  of dry  l a n d ,  i t  is a p p r o p r i a t e  t o  
apply  t h e  equa t ion  of under ly ing  s u r f a c e ' s  h e a t  ba lance  

- D1+ (1 -u) S -E* = I7 - L E ,  (15) 

where is t h e  h e a t  f low i n  t h e  ground, E - t h e  r a t e  of evapora t ion .  

Then, i n s t e a d  of (141, we E h d l  o b t a i n  : 

I f  ore u t i l i z e  t 5 e  d a t a  on r a d i a t i o n  temperature  of t h e  ground 

s u r f a c e  T, , o b t a i n e d  accordinK t o  meatsurements from s a t e l l i t e ,  t h e  

h e a t  f l u x  t o  ground can be computed by t h e  formula (2) 

Here c ,  p and X a r e  r e s p e c t i v e l y  t h e  s p e c i f i c  h e a t  c a p a c i t y ,  t h e  

d e n s i t y  ana t h e  s o i l ' s  h e a t  c o n d u c t i v i t y  f a c t o r ,  For win te r  cond i t ione  

and i n  r e g i o n s  where t h e r e  is l i t t l e  evapora t ion ,  w e  s h a l l  have Q1=17. 



. .  - 

c 6. 

The f l u x  may be found f o r  t h e  very same r eg ions  by using 
e q u a t i o n  (151, provided the d a t a  on s o i l  tempera ture  arc unava i l ab le .  

A 6  is w e l l  known, t h e  t u r b u l e n t  h e a t  f l u x  is a f u n c t i o n  of wind velo- 
c i t y  I3 and of t h e  temperatures '  (T- T=) d i f f e r e n c e  07. I n  its t u r n ,  

is determined by m e a n s  of t h e  flux IT as fo l lows  L21 : Ts 

S u b r t i t u t i n g  (18 )  i n t o  f l 5 ) ,  v-e shall o b t a i n  an i n t e g r a l  equa- 

t i o n  for t h e  de t e rmina t ion  of h e a t  flux t o  soil accord in$  t o  t h e  given 

radiation balallce 01 t h e  underlying s u r f a c e .  

F i n a l l y ,  f o r  t h e  computation 

f7 = (1 -a)S -E*. (19) 

of condensa t ion  h e a t  fluxes 

3 5  may u t i l i z e  t h e  f a c t n d  data on the q u a n t i t y  of f a l l e n  p r e c i p i t a t i o n s .  

The proposed scheme may be u t i l i z e d  as a f o r e c a s t  one,  i f  we 

i n c l u d e  i n  i t  t h e  equa t ion  of mois ture  t r a n s p o r t  f o r  t h e  p r e c a l c u l a t i o n  

of f i e l d s  o f  humidi ty ,  c loudiness  and p r e c i p i t a t i o n s .  

* * * *  Ern * * * *  

Main Geophysical Ob6 e r v a t  ory 
in t h e  name of A.I.Voyekov 
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